When tips of a stress fiber (SF) are anchored to the extracellular substratum through focal adhesions, uniaxial stretching of the substratum causes strain in the SF. As discussed below, the strain along the length of a SF should depend on orientation of the SF with respect to the stretch axis.
As shown in the above drawing, we assume that a SF (red line) is tilted with an angle θ with respect to the stretch axis, and the SF length is changed from l to l' upon uniaxial stretching. An a% stretch extends the parallel component of SF from x to (1+a/100)x, whereas the perpendicular component (y) remains unchanged. Resultant strain along the length of a SF can then be expressed as
Since y is expressed as x × tanθ, the equation [1'] is re-expressed as € S = (1+ a /100) 2 + tan 2 θ 1+ tan 2 θ −1 = (1+ a /100) 2 cos 2 θ + sin 2 θ −1, [2'] which shows dependency of the SF strain on the SF angle against the stretch axis.
The SF angle changes upon stretching (from θ to θ' in the above drawing). For microscopic observation of stretched cells, the elastic chamber was removed from the stretching device and mounted onto the microscope stage. Hence, we observed cells and 2 measured the SF angle under the condition where stretch-induced strain was released.
Therefore, we used the initial angle θ, not the angle θ' under the stretched condition, as the SF angle in this study.
Supplementary Methods

Antibodies and chemicals
Mouse and rabbit monoclonal antibodies (mAbs) against phosphorylated ERK 1/2, and the rabbit polyclonal antibody (pAb) against ERK 1/2 were purchased from Cell 
Immunofluorescence
Cells were fixed and permeabilized for 30 min with 4% formaldehyde and 0.2% Triton X-100 in cytoskeleton stabilizing buffer (137 mM NaCl, 5 mM KCl, 1.1 mM Na 2 HPO 4 , 0.4 mM KH 2 PO 4 , 4 mM NaHCO 3 , 2 mM MgCl 2 , 5.5 mM glucose, 2 mM EGTA, and 5 mM PIPES, pH 6.1). This was followed by blocking with 1% BSA in cytoskeleton stabilizing buffer for 30 min. The cells were then incubated with primary antibodies for 40 min, washed, and further incubated with secondary antibodies (and fluorescent phalloidin, when necessary) for 40 min. Antibodies were diluted to 1:100 in cytoskeleton stabilizing buffer containing 1% BSA. (Fig. S1 ). Acquired images were analyzed offline using the public domain software ImageJ (version 1.45f).
Integrated intensities of F-actin on SFs in their width direction were measured as follows. The fluorescence intensity profile of F-actin (I(x)) in the width direction of an SF was fitted with the Gaussian function,
where a, b, c and d are fitting parameters, and a represents the basal level of the fluorescence intensity (Fig. S18) . The integrated intensity of F-actin (M) was then calculated, as
which reflects the amount of F-actin in the SF in its width direction (Fig. S18 ).
Plasmids and shRNA-mediated depletion of ERK expression
Plasmids for expression of EGFP-vinculin and α-actinin-mCherry were gifted from Dr.
Cheng-Han Yu (National University of Singapore) and Dr. Hiroaki Machiyama (National University of Singapore), respectively. F-actin in living cells was visualized by expressing F-Tractin-tdTomato [53] . Expression of ERK proteins in HFFs was depleted by retrovirus-mediated introduction of shRNA into cells, as described previously [49] . The target sequences used were 5′-GCCATGAGAGATGTCTACA-3′
(for ERK1) and 5′-GTTCGAGTAGCTATCAAGA-3′ (for ERK2). As a control, shRNA with the non-targeting sequence (5′-ATAGTCACAGACATTAGGT-3′) was used.
These sequences were inserted into the pSUPER.puro vector.
Stretching-cell assay
Stretching-cell assays were performed as described previously [17] . In brief, HFFs or NIH3T3 cells grown on elastic silicone chambers were first treated with 100 µM blebbistatin for 30 min, and then uniaxially stretched by 50% for 5 min in the presence of blebbistatin. A home-made manual stretching device was used for immunofluorescence and immunoblotting experiments. For live cell imaging, a pulse-motor-driven stretching device (ST-600W, Strex) was mounted onto an upright microscope (Axio Imager Z2m, Carl Zeiss, Oberkochen, Germany) equipped with a water immersion (NA 0.9, 63×; W N-Achroplan, Carl Zeiss) objective and an electron-multiplying charge-coupled device camera (Cascade II:1024, Photometrics).
Force measurement using µFSA
Microforce sensor arrays (µFSA) comprising of pillars (diameter, 2 µm; height, 7 µm;
center-to-center distance, 4 µm) were prepared as described previously [43] . Briefly, PDMS (1/10 cross-linker to base polymer ratio) was poured on silicone molds and cured at 80°C for 2 h to obtain Young's modulus of 2 MPa. The resulting stiffness of the substrate used was 43 nN/µm. The tops of the micropillars were selectively coated with dye-conjugated fibronectin using the micro-contact printing technique, and their sides were made non-adhesive by treating with 0.2% Pluronics-F127. A home-made plugin developed for ImageJ was used to detect the centroids of deflected micropillars, calculate the force field for the substrate and visualize it in form of vectors. Pillars with multiple SF connections were excluded from analyses (Fig. S19A ). Since some SFs showed branching in the middle (Fig. S19B) , we used the SF regions only within 5 µm from their tips for analyses of pERK intensities (Fig. S19C ).
Immunoblot
Cells were lysed with 2× lithium dodecyl sulfate sample buffer (Life Technologies) containing 2.5% β-mercaptoethanol. The lysate samples were resolved by SDS-PAGE 
Statistical analysis
Bar graphs were presented as means ± SD. Statistical significance was assessed using Student's two-tailed, unpaired t-test. anti-phosphorylated ERK mAb. Both mAbs gave localized staining on SFs (arrows).
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